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(54) A multi-carrier CDMA transmission system with frequency and space diversity 



(57) A wideband CDMA transmission system is dis- 
closed that incorporates transmit diversity in both fre- 
quency and space. Some embodiments of the present 
invention are capable of transmitting a wideband signal 
with a high data rale to an appropriately-designed wide- 
band CDMA wireless terminal and are also capable of 
transmitting a narrowband (e.g., IS-95 compliant) signal 
to a CDMA wireless terminal in the prior art. Some em- 
bodiments of the present invention are capable of co- 
existing in the same frequency spectrum that is allocat- 
ed to existing narrowband wireless systems. And in 
some embodiments of the present invention the coded 
symbols from the interieaver are distributed among mul- 
tiple carriare thai are then radiated by spatially separat- 
ed antennas. 



An illustrative method of the present invention com- 
prises: receiving a datastream of symbols that is to be 
transmitted to one wireless terminal: distributing at least 
some of the datastream of symbols to a first derivative 
datastream of symbols; distributing at lea6t some of the 
datastream of symbols to a second derivative datast- 
ream of symbols; modulating the first derivative datasv 
ream of symbols onto a first carrier frequency to create 
a firsl modulated carrier; modulating the second deriv- 
ative daiasiream of symbols onto a second carrier fre- 
quency that is different that the first carrier frequency to 
create a second modulated carrier, radiating the first 
modulated carrier from a first antenna; and radiating the 
second modulated carrier from a second antenna that 
is separated from the first antenna. 



FIG. 4 
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Description 

Cross-References to Related Applications 

[OOOI] This application is a continuation-in-part o( 
both Application No. 08/712*631* Hied September 13, 
1997, and Application No. 06/712,832, fried September 
13, 1997, both of which are incorporated by reference. 

Field of the Invention 

[0002] The present invention relates to wireless tele- 
communications in general, and, more particularly, to a 
mutli-caroer code-division multiple access ('CDMA") 
transmitter with transmit diversity. 

Background of the Invention 

[0003] FIG. 1 depicts a schematic diagram of a portion 
of a typical wireless telecommunicaitons system in the 
prior art, which system provides wireless telecommuni- 
cations service to a number of wireless terminals (o.g., 
wireless terminals 101-1 through 101-3) that are situat- 
ed withii a geographic region. The heart of a typical 
wireless telecommunications system is Wireless 
Switching Center fWSC") 120, which may also be 
known as a Mobile Switching Center ("MSG") or Mobile 
Telephono Switching Office fMTSO"). Typically, Wire- 
less Switching Center 120 is connected to a plurality of 
base stations (e.g., base stations 103-1 through 103-5) 
that are dispersed throughout the geographic area serv- 
iced by the system and to local and long-distance tele- 
phone and data networks {e.g., local-office 190, local- 
office 1 39 and toll-office 1 40). Wireless Switching Cent- 
er 120 Is responsible for. among other things, establish- 
ing and maintaining calle between wireless terminals 
and between a wireless terminal and a wireline terminal, 
which is connected to the system via the local and/or 
long-distance networks. 

[00041 The geographic area serviced by a wireless 
telecommunications system is partitioned into a number 
of spatially distinct areas called 'cells." As depicted In 
FIG. 1, each cell is schematically represented by a hex- 
agon; in practice, however, each cell usually has an ir- 
regular shape that depends on the topography of the 
terrain serviced by the system. Typicaliyi each cell con- 
tains a base station, which comprises tho radios and an* 
tennas that the base station uses to communicate with 
the wireless terminals In that cell and also comprises the 
transmission equipment that the base station usee to 
communicate with Wireless Switching Center 120. 
[0005] For example, when wireless terminal 101 -l de- 
sires to communicate with wireless terminal 101 -2, wire- 
less terminal 101 -1 transmits the desired information to 
base station 1 03-1 ( which relays the information to Wire- 
less Switching Center 1 20. Upon receipt of the informa- 
tion, and with the knowledge that it is intended tor wire- 
less terminal 101 -2, Wireless Switching Center 1 20 Ihen 



2 

returns the information back to base station 103-1, 
which relays the information, via radio, to wireless ter- 
minal 101-2. 

[0006] When base station 103-1 is capable of com- 
s municating with wireless terminals 101-1 and 101-2 us- 
ing code-division multiple access ("CDMA") technology, 
FIG. 2 depicts a block diagram of the salient compo- 
nents that base station 103-1 uses to prepare the da- 
tastream of symbols for transmission on the forward 
ro channel in accordance with IS-95 . Base station 103-1 
typically comprises demultiplexer 201 , a bank of c for- 
ward channel radios. 203-1 through 203-c, summer 205, 
amplifier 207 and transmit antenna 209, interconnected 
as shown. 

is [0007] A multiplexed datastream of symbols from 
wireless switching center 120, comprising up to cda- 
tastreams is received by demultiplexor 201 . in well- 
known fashion, wherein each ol the individual datast- 
reams are Intended for transmission over a unique for- 

20 ward channel to a wireless terminal. Demultiplexor 201 
demultiplexes the cdatastreams, in well-known fashion, 
and routes each individual datastream to one of c for- 
ward channel radios, 203-1 through 203-c. Each for- 
ward channel radio spreads the received datastream in- 

2S to a 1.25 wide MHz forward channel signal, in well- 
known fashion, and then modulates the spread datast- 
ream onto a carrier, also in well-known fashion. As is 
well-known in the prior art, each forward channel radio 
can modulate the spread datastream onto any one of 

30 the available carrier signals available for use by that 
base station. The output of each of the c forward channel 
radios, 203-1 through 203-c, is summed by summer 
205, amplified by amplifier 207 and radiated by antenna 
209. in well-known laehion. 

35 [0008] FIG. 3 depicts a block diagram of a typical IS- 
95 compliant forward channel radio in the prior art. For- 
ward channel radio 203-/ typical ry comprises: convolu- 
lional encoder 301, symbol repeater 303, block inter- 
leaver 305, multiplier 307, long code generator 309, 

40 docimator 31 1 , multiplier 31 5. and modulator 31 7, inter- 
connected as shown. 

[0009] One disadvantage with a IS-95 forward chan- 
nel in the prior art is that it has a rather limited data rate 
capacity, and, therefore, the need exists for a CDMAfor- 
46 ward channel that is capable of a greater data rate. As 
is well-known in the prior art» one technique for increas- 
ing the data rate of the CDMA lorward channel Is to wid- 
en iis band to 5 MHz or 10 MHz or more. 



[0010] Some embodiments of the present invention 
are capable of transmitting a wideband COMA forward 
channel signal without some of the costs and restrictions 
associated with techniques in the prior art. In particular, 
some embodiments of the present invention enjoy three 
distinct advantages. 

[001 1 ] First, some embodiments of the present inven- 



SO Summary of the Invention 



55 



2 



2005$ imiB 18*170 ITOH INTERNATIONAL PATENT OFFICE 



NO. 1727 P. 



7 



EP 0 929 161 A2 



tion are capable of transmitting a wideband (e.g., 5 MHz, 
10 MHz, etc.) signal with a high data rale to an appro- 
priately-designed wideband COMA wireless lerminal 
and are also capable of transmitting a narrowband (a 
g. f 1 .25 MHz, etc.) signal to a CDMA wireless terminal 
in the prior art. This is advantageous because il means 
that embodiments of ihe present invention are backward 
compatible with millions of existing CDMA wireless ter- 
minals. To accomplish this, some embodiment of the 
present invention generate a wideband forward channel 
from two Of more frequency-disparate sub-channels. 
Advantageously, each sub-channel is a narrowband sig- 
nals that can be. but is not necessarily, compliant with 
an existing narrowband standard (e.g., IS-95). 
[0012] Second, the generation of a wideband forward 
channel from multiple frequency-disparate sub-chan- 
nels enables embodiments o! the present invention to 
utilize spatial transmit diversity (to., at least one of the 
frequency-disparate sub-channels is transmitted from 
an antenna that is some distance from another antenna 
that is used to transmit the other sub-channels). This is 
particularly advantageous because a forward channel 
constructed in this way is mora robust to interference, 
distortion and fading. Furthermore, because the respec- 
tive subchannels use different carrier frequencies, and 
henca are orthogonal, they do not interfere with each 
other. This is in contrast with the prior art in which de- 
layed versions of the 'same - signal are transmitted from 
different antennas and cause sell interference. 
[0013] Third, some embodiments of the present in- 
vention arc capable of co-existing in the same frequency 
spectrum that is allocated to existing narrowband wire- 
less systems. This property, which is also known as 
'overlay/ is advantageous because the system can si- 
multaneously support narrowband terminals (e.g., IS- 
95, etc.) and wideband terminals without mutual inter- 
ference. 

[0014] An illustrative embodiment of the present in- 
vention comprises: receiving a datastream of symbols 
that is to be transmitted to one wireless lerminal; distrib- 
uting at least some of the datastream of symbols to a 
first derivative datastream of symbols; distributing at 
least some of the datastream of symbols lo a second 
derivative datastream of symbols; modulating the first 
derivative datastream of symbols onto a first carrier fre- 
quency to create a first modulated carrier; modulating 
the second derivative datastream of symbols onto a sec- 
ond carrier frequency that is different that the first carrier 
trequency to create a second modulated carrier; radiat- 
ing the tir6t modulated carrier from a first antenna; and 
radiating the second modulated carrier from a second 
antenna that is separated from the first antenna. 

Brief Description of the Drawings 

[0015] FIG. 1 depicts a schematic diagram of a wire- 
less telecommunications system In the prior art. 
[00iq FIG. 2 depicts a block diagram of the forward 



channel components in a CDMA base station in the prior 
an 

[0017] FIG. 3 depicts a block diagram of the salient 
components of a CDMAforward channel radio In the prl- 
s or art. 

[00181 FIG. 4 depicts a block diagram of the forward 
channel components in a CDMA base station in accord- 
ance with the illustrative embodiment of the present in- 
vention. 

10 [00191 FIG. 5 depicts a block diagram of the salient 
components of a CDMA forward channel radio in ac- 
cordance with tho illustrative embodiment of the present 
invention. 

[0020] FIG. 6 depicts a block diagram or the salient 
1S components of a CDMA modulator in accordance with 
the illustrative embodiment of the present invention, 
[0021] FI3. 7 depicts a block diagram of the salient 
components Of art amplifier stage in accordance with the 
illustrative embodiment of the present invention. 
20 [0022] FIG. B depicts a block diagram of an spatial 
transmit diversity antenna array in accordance with the 
illustrative embodiment of the present invention. 
[0023] FIG. 9 depicts a graph of radiated power as a 
function of frequency and showing the relationship Of the 
ss sub-channels radiated by an illustrative embodiment of 
the present invention. 

[0024] FIG. 1 0 depicts a block diagram of a dual spa- 
tial transmit diversity antenna array that can be used 
with the illustrative embodiment of the present invention. 
30 [0025] FIG. 11 depicts a block diagram of a triple spa- 
tial transmit diversity-dual spatial receive diversity an- 
tenna array that can be used with the illustrative embod- 
iment of Ihe present invention. 

SS Detailed Description 

[0026] FIG. 4 depicts a block diagram of the salient 
components of base station 400, in accordance with the 
illustrative embodiment of the present invention, lor the 

40 generation and transmission of c forward channels lo c 
wireless terminals (not shown). 
[0027] In accordance with the Illustrative embodi- 
ment, a multiplexed datastream of symbols, from a wire- 
less switching center (not shown), comprising cdatast- 

45 reams of symbols is advantageously received by demul- 
tiplexer 401* in well-known fashion. Advantageously, 
each of the c datastreams is intended tor transmission 
over a unique forward channel to a unique one of the c 
wireless terminals <nol shown), in well-known fashion. 

so in accordance with the illustrative embodiment, demul- 
tiplexer 401 demultiplexes the c datastreams and routes 
each datastream lo one of c forward channel radios, 
403-1 through 403-c, in well-known fashion. 
[0028] in accordance with the illustrative embodi- 

ss ment, each of the e forward channel radios, 403-1 
through 403-c, is capable of operating in: (1 ) IS-95 com- 
patfoility mode, or, alternatively, (2) a wideband mode 
that is not IS-95 compatible. When a forward channel 
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radio is in IS-95 compatibility mode, it generates one IS- 
95 compliant 1.25 wide MHz forward channel signal, 
which can bo received by an IS-95 compliant wireless 
terminal in the prior art. In contrast, when forward chan- 
nel radio is in wideband mode, it generates a forward 3 
channel that comprises k 1 .25 MHz wide sub-channels, 
on different carrier frequencies, as will be described in 
more detail below. It will be clear to those skilled in the 
art how to make and uee embodiments of the present 
invention in which one or more of the c forward channel 10 
radios, 403-1 through 403-c, is capable of operating In 
another mode (e.g., TDMA l GSM, IS-41, TD/CDMA, 
etc,). 

[0029] For pedagogical purposes, each forward chan- 
nel radio is capable of operating in only two modes, a 
narrowband mode {e.g.* IS-95 compatibility mode, efc.) 
and a wideband mode. H will be clear to those skilled in 
the art, however, how to make and uee forward channel 
radios in accordance wilh the preeent invention that arc 
capable of operating in one or more wideband modes 20 
or one or more narrowband modes or In a combination 
of the two. Furthermore, it will be clear to those skilled 
in the art that each forward channel radio ie capable of 
switching between modes under software control, with- 
out changes in hardware, and on a call-by-call basis. 
[0030] Each forward channel radio, 403-1 through 
403-c, advantageously receives a unique datastream ol 
symbols from demultiplexer 401 and encodes and mod- 
ulates the datastream onto one or more ol different 
carrier frequencies, The salient components of a for- so 
ward channel radio in accordance with the illustrative 
embodiment are shown in FIG. S. 
[0091] FIG. 5 depicts a block diagram of the salient 
components of forward channel radio 403-/, in accord- 
ance with the illustrative embodiment of the preeent in- 9$ 
vention. Forward channel radio 403-/1$ capable of func- 
tioning in: (1) IS-95 compatibility mode, or (2) a wide- 
band mode that is not IS-95 compatible. When the illus- 
trative embodiment is in IS-95 compatibility mode, the 
illustrative embodiment generates one IS-95 compliant 
1.25 MHz wide forward channel signal, which can be 
received by an IS-95 compliant wireless terminal in the 
prior art. In contrast, when the illustrative embodiment 
is In wideband mode, the illustrative embodiment gen- 
erates and transmits a forward channel thai comprises 
k 1.25 MHz wide signals, on different carrier frequen- 
cies. 

[0032] Forward channel radio 403-/ advantageously 
comprises: convolutbnaJ encoder 501 , symbol repeater 
503, block interleaver 505, multiplier 507, long code 
generator 509, decimator 511, commutator 513, multi- 
pliers 515-1 through 515-*, and modulators 517-1 
through 517-fc interconnected as shown. 
[0033] In accordance with the illustrative embodiment 
of the preeent invention, a datastream of symbols from 
demultiplexer 401 is advantageously received by con- 
volutional encoder 501, in well-known fashion. Convo- 
lutional encoder 501 advantageously encodes the da- 



tastream of symbols for error control, in well-known 
lashton. When the illustrative embodiment ie In IS-95 
compatibility mode, convolutional encoder 501 advan- 
tageously encodes the datastream of symbols in ac- 
cordance with the 15-95 specification, in well-known 
fashion. When the illustrative embodiment is not in IS- 
95 compatibility mode, it will be clear to those skilled in 
the art how to chose an appropriate set of parameters 
lor convolutional encoder 501. 
[0034] The datastream of symbols from convolutional 
encoder 501 is received by symbol repeater 503, which 
repeats the symbols in the dataslream t in well-known 
fashion, to provide a nominal symbol rate. When the il- 
lustrative embodiment is in IS-95 compatibility mode, 
symbol repeater 503 advantageously repeals the sym- 
bols in the datastream in accordance with the IS-95 
specification. When the illustrative embodiment is not in 
IS-95 compatibility mode and simulcasting Is desired, 
symbol repoaiQt 503 advantageously repeats each 
symbol N times consecutively, where Wis the number 
ol carrier signals in the mutticarrier forward channel sig- 
nal transmitted by the illustrative embodiment. When the 
illustrative embodiment is not in IS-95 compaifcility 
mode and simulcasting is not desired, it will be clear to 
those skilled in the art how to chose an appropriate set 
of parameters tor symbol repeater 503. 
[0035] The datastream of symbols from symbol re- 
peater 503 is advantageously received by block inter- 
leaver 505, which interleaves the symbols, in well- 
known fashion. When the illustrative embodiment is in 
IS-95 compatibility mode, block interleaver 505 advan- 
tageously interleaves the symbols in accordance With 
the IS-95 specification. When the illustrative embodi- 
ment is not in IS-95 compatibility mode and simulcasting 
is desired, the parameters for block interleaver 505 and 
commutator 513 are advantageously coordinated so 
that all of the datastreams exiting commutator 51 3 are 
identical. When the illustrative embodiment is not in IS* 
95 compatibility mode and simulcasting is not desired, 
it will be clear to those skilled in the art how to chose an 
appropriate set of parameters for block interleaver 505. 
[0036] Long code generator 507 advantageously 
generates a pseudo-random signal,, in well-known 
fashion, called the long code, which ie the basis for a 
signal that is used to encrypt the datastream of symbols 
exiting block interleaver 505. When the Illustrative em- 
bodiment is in IS-95 compatibility mode, long code gen- 
erator 507 advantageously generates the long code in 
accordance with the IS-95 specification. When the illue- 
Irative embodiment is not In IS*95 compatibility mode, it 
will be clear to those skilled in the art how to chose an 
appropriate 6et of parameters tor long code generator 
507. 

[0037] The long code from long code generator 507 
is advantageously received by decimator 511, which 
decimates the long code, In well-known fashion. When 
the illustrative embodiment Id In IS-95 compatibility 
mode, decimator 511 advantageously generates the 
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long code in accordance with the IS-9S specification, in 
well-known fashion. When the illustrative embodiment 
is not in IS-95 compatibility mode, it will be clear to those 
skilled in the art how to chose an appropriate eel of pa- 
rameters lor long decimalor 511. 5 
[0036] The datastream of symbols from block inter- 
leaver 505 is advantageously multiplied by the decimat- 
ed long code from decimator 511 by multiplier 507, in 
well-known fashion, to encrypt the datastream of sym- 
bols. It will be clear to those skilled in the art how to make "? 
and use multiplier 507. 

[0036] The encrypted datastream of symbols from 
multiplier 507 is received by commutator 51 3, which die- 
tributes each symbol in the datastream to one or more 
of ^derivative dataetreams of symbols . Each derivative is 
datastream is a sub-channel in a wideband forward 
channel in accordance with the illustrative embodiment 
of the present invention, 

[0040] Advantageously, each of the N derivative da- 
las I reams of symbols is uniquely associated with a dil- 20 
fercnt transmit carrier frequency. In accordance with the 
illustrative embodiment, derivative datastream K \otk- 
1 to N, is advantageously processed by multiplier 5 1 5-J; 
modulator 517 -k, and amplifier 519-*; which modulated 
derivative datastream k onto carrier frequency k. Al- 25 
though the illustrative embodiment Of the present inven- 
tion depicts commutator 5 1 3 as generating up lo three 
derivative datastceams, it will be clear to those skilled in 
Ihe art how to make and use embodiments of the 
present invention that comprise N£ 1 derivative datast- 30 
reams. 

[0041] When the illustrative embodiment is h tS-95 
compatibility mode, commutator 51 3 directs all of the 
symbols in the received datastream of symbols to just 
one derivative datastream of symbols, which derivative 35 
datastream is associated with one carrier frequency. 
When the illustrative embodiment is not in IS-95 com- 
patibility mode and simulcasting is desired, the param- 
eters of symbol repealer 503, block inierleavcr 505 and 
commutator 51 3 are chosen so that all ko\ the derivative 40 
datastream© exiting commutator 513 are identical. Al- 
ternatively, when ihe illustrative embodiment is not in IS- 
95 compatibility mode and simulcasting is not desired, 
commutator 51 3 advantageously distributes each sym- 
bol in the received datastream of symbols In round-robin *s 
fashion to each derivative datastream. 
[0042] Each multiplier, 51 5-1 through 51 5-k advanta- 
geously multiplies the symbols in derivative datastream 
K respectively, by an orthogonal code (e.g., Walsh code, 
etc.), in well-known fashion, thai enables the wireless so 
terminal to which derivative datastream Iris directed lo 
distinguish derivative datastream from other signals. 
Advantageously, each derivative datastream k is multi- 
plied by the same orthogonal code, which orthogonal 
code is associated with the wireless terminal lo which & 
the forward channel is directed. 
[0043] Each modulator, 517-1 through 517-A; advan- 
tageously spreads derivative datastream Ac and modu- 
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lates, using quadrature phase-shift keying ("QPSK"), 
datastream respectively, onto carrier frequency k, in 
well-known fashion, and outputs the result to summer 
701-i* of amplifier state 405, which is shown In FIG. 7. 
FIG. 6 depicts a block diagram of the salient compo- 
nents of modulator 517-J for / * 1 to k, in accordance 
with the illustrative embodiment of (he present invention, 
[0044] Derivative datastream / enters modulator 51 7-/ 
and is advantageously processed by two channels. The 
"I " or "in-phase" channel comprises m ullrplte r 601 , base- 
band finer 603 and multiplier 605, and the or "quad- 
rature-phase" channel comprises multiplier 602, base- 
band filter 604 and multiplier 606. The output of multi- 
plier 605 and multiplier 606 are summed by summer 607 
and the sum is forwarded to summer 701 -/. Multiplier 
601 advantageously multiplies or "spreads" dalastraam 
/by an in-phase pseudo-random sequence that is asso- 
ciated with the wireless terminal to which the forward 
channel is directed, and multiplier 602 spreads datast- 
ream i by an quadrature-phase pseudo-random se- 
quence that is also associated with the wireless termi- 
nal, in well-known fashion. 

[0045] Baseband filter 603 and baseband niter 604 
are advantageously low-pass filters with a cut-off fre- 
quency equal to the width of a narrowband signal in ac- 
cordance with the illustrative embodiment, which Is 1 .25 
MHz. 

[0046] Multiplier 605 advantageously mulliplies the 
output of baseband filter 603 with an in-phase carrier 
whose frequency is 0; and multiplier 606 mulliplies the 
output of baseband filter 604 with a quadrature-phase 
carrier whose frequency is also B t 1 1 will be clear to those 
skilled in the art how to make modulator' 517-/. 
[0047] Referring to FIG. 4, each of the k modulated 
carriers from each of the c forward channel radios are 
amplified by amplifier stage 405, as depicted in FIG. 7, 
on a carrier-by-carrier basis. FIG. 7 depicts the salient 
components of amplifier stage 405, which advanta- 
geously comprises: k summers, 701-1 through 701 -K 
and JtampliRers, 703-1 through 703-fc Advantageously, 
summer 701 -/, for /= 1 to A, receives a modulated earner 
at frequency /, from all c forward channel radios, 403-1 
through 403-c, so that all of the carriers of the same fre- 
quency are summed together and are isolated from the 
other carrier frequencies. The output of summer 701 -i 
is forwarded to amplifier 703-/, for /= 1 lo k Amplifier 
703-/ advantageously amplifies the composite signal, In 
well-known fashion, and outputs the amplified signal to 
antenna array 407. 

[0048] FIG. 8 depicts the salient components in an- 
tenna array 407, which uniquely transmits all of the sig- 
nals on carrier frequency 8,- on one of k antennae, 601 -1 
through B01-fc to achieve Jr-nary transmit diversity. Ad- 
vantageously, each of antennas, 601-1 through 601 -fc 
are separated by at least one wavelength of the highest 
frequency carrier 9; 

[0049] When forward channel radio 403-/ is in IS-95 
compliant mode, only one derivative datastream Is cre- 
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ated and only one signal for that forward channel is 
transmitted from one antenna in antenna array 407. In 
contrast, when forward channel radio 403-/ is not in IS- 
95 compliant mode, and is in wideband mode, two or 
more derivative dataslreams are created for that for- 5 
ward channel and each derivative datastream is modu- 
lated onto a different carrier frequency and advanta- 
geously transmitted from different antennas in antenna 
array 407. 

[0050] By transmitting each derivative datastream on '<> 
a different carrier frequency and from a different transmit 
antenna, the illustrative embodiment achieves frequen- 
cy and space diversity in the forward channel, which sig- 
nificantly Increases the spectral efficiency and overall 
traffic capacity of base station 400. 1S 
[0051] Furthermore, the illustrative embodiment ena- 
bles a wideband channel to be overlaid on narrowband 
channels and the wideband channels to be backward- 
compatible with the narrowband channels. For example, 
consider the situation in which base station 400 needs 20 
to transmit two datastreams to two wireless terminals 
and the first datastream is to be 1 5-95 compliant and the 
second is to be wideband {Le. t not IS-S6 compliant). On- 
ly one derivative datastream is created for the I&-95 
compliant datastream, the datastream is modulated on- S5 
to only one carrier frequency 6* and radiated Irom one 
of antennas 601-1 through 801 -Jt In contrast, two more 
derivative dataslreams are created for the wideband da- 
tastream, each derivative daiastream is modulated onto 
a different carrier frequency, and each derivative datast- 
ream is radial ed form a different one of antennas BOM 
through 80 

[0052] FIG. 9 depicts a graph signal strength as a 
function of frequency for the forward channel In accord- 
ance with the illustrative embodiment of the present in- & 
vention. It will be understood that a single carrier fre- 
quoncy, such as can, In accordance with the illustra- 
tive embodiment, carry one or more IS-95 compliant 
narrowband forward channels or a part of one or more 
wideband forward channels or a combination of the two. 40 
[0053] FIG. 10 depicts a block diagram of an alterna- 
tive embodiment of antenna array 407 in accordance 
with the illustrative embodiment of the present invention, 
in which there are fewer antennas in antenna array 407 
than there are carrier frequencies transmitted by base 
station 400. In such case, the k carrier frequencies are 
distributed among the available antennas as evenly as 
possible to achieve as much spatial diversity as possi- 
ble. Furthermore, advantageously, no wideband signal 
is constructed of subchannels that are all radiated from so 
the same antenna. In particular, FIG 10 depicts an em- 
bodiment of antenna array 407 in which there are k = 3 
carrier frequencies to be transmitted on on ly two anten- 
nas. 

[0064] FIG. 11 depicts a block diagram or an another & 
alternative embodiment of antenna array 407 in accord- 
ance with the illustrative embodiment of the present in- 
vention in which some of the antennas, antennas 1100-1 
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through 11 00- A; are used for both spatial transmit diver- 
sity and spatial receive diversity. In such case, when k 
= 2, duplcxors 1 1 0 1 -1 and 1 1 01 -2 are used separate the 
two receive 6lgnals, Rx 1 and Rx 2 from the transmit sig- 
nals, in well-known fashion. Furthermore, it will be clear 
to those skilled in the art how to combine the embodi- 
ments of antenna array 407 in FIG. 1 0 with the antenna 
array in FIG. 11 SO as to enable both spatial transmit 
diversity and spatial receive diversity on two antennas. 
[0055] It is to be understood that the above-described 
embodiments are merely illustrative of the invention and 
that many variations may be devised by those skilled in 
the art without departing from the scope of the invention. 
It is therefore intended that such variations be included 
within the scope of the following claims and their equiv- 
alents. 



Claims 

1. An apparatus comprising: 

a commutator for receiving a datastream of 
symbols that is to be transmitted to one wireless 
terminal, (or distributing at least some of said 
datastream of symbols to a first derivative da- 
tastream of symbols and at least some of said 
datastream of symbols to a second derivative 
dates l ream of symbols; 

a first modulator for modulating said first deriv- 
ative datastream of symbols onto a first carrier 
frequency to create a first modulated carrier; 

a second modulator for modulating said second 
derivative datastream of symbols onto a sec- 
ond carrier frequency thai is different that said 
first carrier frequency to create a second mod- 
ulated carrier 

a first antenna for radiating said first modulated 
carrier; and 

a second antenna for radiating said second 
modulated carrier. 

2. The apparatus of claim 1 wherein said daiastream 
of symbols is a direct sequence spread spectrum 
signal. 

3. The apparatus of claim 1 further comprising: 

a first multiplier for modulating said first deriv- 
ative datastream of symbols by a orthogonal 
code; and 

a second multiplier for modulating said second 
derivative datastream of symbols by said or- 
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thogonal code. 

4. The apparatus of claim 1 wherein said first deriva- 
tive stream of symbols is identical lo said second 
derivative stream of symbols. 

5. The apparatus of claim 1 wherein said commutator 
distributes every other symbol in said datastream 
of symbols to said first derivative dataslream of 
symbols and said second derivative dataslream of 
symbols in round-robin fashion. 

6. The apparatus of claim 1 wherein said commutator 
also distributes at least some of said datastream of 
symbols to a third de rivativa datastream or symbols, 
and further comprising: 

a third modulator for modu taring said third de- 
rivative datastream of symbols onto a third carrier 
f requsncy thai is different that said first carrier fre- 
quency and said second carrier frequency to create 
a third modulated carrier. 

7. The apparatus of claim 6 further comprising a third 
antenna for radiating said third modulated carrier. 

8. A method comprising: 

receiving a datastream of symbols that is to be 
transmitted to one wireless terminal; 

distributing at least some of said datastream of 
symbols to a first derivative datastream of sym- 
bols; 

distributing at least some of said datastream of 
symbols lo a second derivative dataslream of 
symbols; 

modulating said first derivative datastream of 
symbols onto a first carrier frequency to create 
a first modulated carrier; 



1Q. The method of claim 8 further comprising: 

modulating said first derivative datastream of 
symbols by a orthogonal code; and 

s 

modulating said second derivative datastream 
of symbols by said orthogonal code. 

11. The method of claim 8 wherein said first derivative 
i o stream of symbols is identical to said second deriv- 
ative stream of symbols. 

12. The method of claim 8 wherein said commutator 
distributes every other symbol in said datastream 

is of symbols to said first derivative datastream of 
symbols and said second derivative datastream of 
symbols in round-robin fashion. 

1 3. The method of Claim 8 wherein said commutator al- 
£0 so distributes at leasi soma of said datastream of 

symbols toathird derivative datastream of symbols, 
and further comprising: 

a third modulator for modulating said third de- 
rivative datastream of symbols onto a third carrier 
25 frequency that is different thai said first carrier fre- 
quency and said second carrier frequency lo create 
a third modulated carrier. 



modulating said second derivative datastream 
of symbols onto a second carrier frequency thai 
is different that said first carrier frequency to *s 
create a second modulated carrier; 



radiating said first modulated carrier from a first 
antenna; and 

radiating said second modulated carrier from a 
second antenna that is separated from said first 
antenna. 

The method of claim 8 wherein said dataslream of 
symbols Is a direct sequence spread spectrum sig- 
nal. 
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